SUMMARY
C olorectal carcinoma is the most common type of tumor in Germany, with an incidence of ca. 70 000 new cases annually. Each year approximately 29 000 patients die of the disease; overall, men are slightly more often affected. The incidence of colorectal carcinoma varies widely across the world, ranging from 1 to 5 diagnoses per 100 000 inhabitants in the developing countries to 20 to 60 per 100 000 in the Western industrialized nations (e1). Genetic disposition is one of the most important risk factors for colorectal carcinoma (e2, e3) . A sedentary lifestyle, overweight, immoderate consumption of alcohol, and smoking are recognized as modifiable factors that favor the development of colorectal carcinoma (1, 2, e4-e8) . Studies of low-fiber, high-fat nutrition have reached no clear conclusions. Meta-analyses have shown that neither a high-fiber diet nor antioxidant micronutrients such as beta-carotene, vitamin C, or vitamin E can be definitely stated to have a protective effect (e9, e10) .
Physical activity in primary prevention
Epidemiological studies have unequivocally demonstrated that a sedentary lifestyle and obesity strongly influence the development of various tumor diseases (2, 5, 6, e4, e11-e14) . The connection is significant for colon carcinoma (relative risk reduction of up to 40%; for incidence, see above), but not for rectal carcinoma. The important role of excess weight in carcinogenesis is explained by obesity-induced insulin resistance, which leads to elevated plasma levels of insulin, glucose, and fatty acids. Insulin appears to have a mitogenic effect on the colonic mucosa (Figure 1 ). Furthermore, a significant part seems to be played by a chronic inflammatory reaction associated with insulin resistance (3, 4) .
Sport in primary prevention of colon carcinoma
Several epidemiological investigations and prospective cohort studies have agreed in showing a reduced risk of developing colon carcinoma among men and women who participate regularly in physical activity (2, 5, 6, e4, e11-e14) . One epidemiological study investigated the link between physical activity and the risk of colon carcinoma in more than 150 000 people (70 403 men and 80 771 women; mean age 63 years) over a period of 6 years. Risk reduction was examined, not overall survival. In this study, 14 933 men and 13 329 women were regularly physically active for more than 7 hours per week. The authors showed that the risk of colon carcinoma was reduced by 40% in persons who exercised for over 7 hours each week (7) .
The effect of physical activity on the prognosis was not decisively influenced by the subjects' previous level of sporting activity, e.g., 10 years or more before the observation period (7) . This indicates that physical activity exerts a direct protective action against the development of colon carcinoma and thus reduces the risk of colon carcinoma (e15) . The recurrence of colonic polyps seems not to be prevented, however, suggesting that the protective effect of exercise and sport is exerted only after the development of adenoma in the adenomacarcinoma sequence (8) . In two prospective studies in which the participants were asked only about their habitual exercise, no connection could be established between physical activity and the incidence of colorectal carcinoma (9, 10) . Further prospective studies are certainly required to validate the influence of exercise on the development of colon carcinoma.
Notwithstanding, the possible effect of physical activity on the development of colon carcinoma is essentially unknown. Coups et al. established that only 15% of those surveyed were aware of the postulated preventive effect of sport and leisure time exercise on the risk of colon carcinoma. Especially persons over 50 years of age with a low level of education were poorly informed (11) . Doctors should consistently provide this information to their patients.
The data for rectal carcinoma are less unequivocal. While individual studies have described risk reduction similar to that for colon carcinoma (12, e16, e17) , other investigations have found no benefit of physical activity in this regard (13, e18-e20) . Such studies are complicated by the need to take account of other factors, because nutrition, weight, and other aspects of lifestyle differ between physically active and inactive persons. Those who perform sporting activity display, for example:
• A more favorable diet • Lower consumption of stimulants (alcohol, tobacco) • A good energy balance with avoidance of overweight.
Physiological mechanisms
To date few investigations have concerned themselves with the (patho-)physiological links between physical exercise and the development of cancer. It is clear that we are not dealing with isolated factors; rather, risk reduction is based on complex multifactorial interrelationships. Primarily the influence of insulin and insulin-like growth factor (IGF) on carcinogenesis is discussed, not least on the basis of epidemiological studies in which an increased risk of colon carcinoma was observed in obesity and insulin resistance (3) . Changes in the constellation of inflammation and in immunity have also been proposed to be responsible for carcinogenesis (14, e13, e21) . Furthermore, those who perform sport exhibit faster intestinal transit and thus a shorter contact time of potentially carcinogenic substances with the intestinal mucosa.
Role of exercise in tumor treatment
The diagnosis of a tumor, followed by stays in the hospital and treatment measures such as surgery, radiotherapy, and chemotherapy, leads to reduced activity on the part of the patients with a resulting decrease in performance. The tumor disease itself, together with the adverse effects of treatment such as anemia and chemotherapy-induced cardiomyopathy or neuropathy, can further impair physical capacity. The result is a tumorassociated fatigue syndrome (cancer-related fatigue, CRF) with breathlessness, tachycardia, marked fatigability, pronounced weakness, and depressive mood. This pattern of symptoms is more severe in tumor cachexia (15, e22) . Physical training can counteract these symptoms. Exercise is therefore an
FIGURE 1
Possible relationships between overweight, inactivity, insulin resistance, and tumorigenesis
FIGURE 2
Influence of physical activity in MET × hours/week on diseasespecific mortality in patients with colorectal carcinoma (MET, metabolic equivalent task). From (18) essential component of treatment for CRF. Regular physical activity can also improve the subjective quality of life (16, e23, e24) .
Physical training in colon carcinoma
Only a small proportion of patients modify their lifestyle. Merely 23% of patients with colorectal carcinoma follow the recommendations with regard to physical activity, 12% continue to smoke after diagnosis, and 16% carry on drinking moderate or large amounts of alcohol (17) . This assumes even greater importance in light of the fact that three prospective studies on the effect of lifestyle modifications on disease outcome have shown that physical activity improves the prognosis of patients diagnosed with colon carcinoma, even at an advanced stage (18) (19) (20) (21) . In an Australian population (Melbourne Collaborative Cohort Study, MCSS), 41 528 study participants, recruited between 1990 and 1994, were questioned about their physical activity in the previous 6 months:
• "How many times per week did you perform vigorous exercise for at least 20 minutes?"
• "How many times per week did you perform less intensive activities, such as walking, gardening, etc.? On the basis of their answers the patients were divided into two groups: " no activity" and "activity once or more per week". The study participants were observed for 10 to 14 years, and the findings were evaluated in 2004. Overall 526 persons developed colon carcinoma during the study period, 229 from the "active" and 297 from the "non-active" cohort. Both groups of patients received the same standardized treatment: surgery, adjuvant chemotherapy (30% in each group), and radiotherapy (comparably frequently: 8% vs. 11%). The median duration of follow-up of the colon carcinoma patients was 5.5 years from the time of diagnosis. Within the observation period the likelihood of survival was distinctly higher for those in the active group. Their overall mortality (hazard ratio 0.77, 95% confidence interval [95% CI] 0.58 to 1.03) was considerably lower (19) than that in the non-active group. This was limited to UICC (Union International Contre le Cancer) stages II and III, in which physical activity lowered overall mortality by 39% and diseasespecific mortality by 51%. In very early disease (UICC stage I) and in the metastatic stage (UICC IV), no significant differences were observed (19, 20) . A limitation of the MCSS is that no account was taken of social factors such as family background, education level, occupation, or previous illnesses-except for the measurement of central obesity.
Similarly, data from a prospective study that formed part of the Cancer and Leukemia Group B Study (CALGB) showed that regular exercise for at least three times 45 minutes every week was associated with a 45% relative reduction in mortality among colon carcinoma patients (18) (Figure 2 ). The threshold above which this positive effect was observed corresponds to weekly activity of 18 MET × hours (18) . MET (metabolic equivalent task) describes the intensity of exercise, which is multiplied by duration. An hour of brisk walking, for example, corresponds to 4 to 5 MET × hour (e25). It can be concluded from the findings of this study that brisk walking for at least 4 hours per week is associated with these positive effects. Interestingly, this result corresponds exactly with the findings of studies on the treatment of type 2 diabetes mellitus. In diabetes patients, too, regular exercise in the form of at least 4 hours of brisk walking per week reduces the metabolic-cardiovascular risk factors and thus mortality (e26). The importance in both diseases (colon carcinoma and diabetes mellitus) of improvement in insulin resistance and reduction of growth factors such as IGF-1 has not yet been investigated in any detail (Figure 1 ). Nonetheless, in the studies cited physical activity went together with an improvement in disease-specific overall mortality, with identical tumor treatment in both groups (Figures 3 and 4) (18, 21) .
Interestingly, again, the positive effect of exercise does not depend on weight or body-mass index (BMI). In a prospective study, Meyerhardt et al. established that in contrast to primary prevention, in secondary prevention overweight and/or weight increase have no influence on the risk of recurrence and mortality following the diagnosis of colorectal carcinoma (22) .
Exercise therapy in secondary prevention
Patients who have just had a tumor diagnosed are very receptive to suggestions regarding lifestyle modification. Such recommendations are implemented longterm particularly by young, educated women (23) . In future, primary care physicians and oncologists should provide information on this subject and give appropriate advice. Young women, however, are rarely affected by colon carcinoma. The greatest concentration of patients is found in the fifth to seventh decades of life, so physicians will need to focus strongly on increasing awareness among those in this age group.
Our own practice shows that in order to motivate people to increase physical activity or perform sporting activity, expert advice must be accompanied by a sense of achievement on the part of the patient, the earlier the better. This is particularly important in patients with no previous experience of sports or exercise and those whose health was already impaired before diagnosis of their tumor. A deliberately gradual introduction to the program, with individual adjustment of exercise intensity and careful augmentation, is essential for success.
Training recommendations for colon carcinoma patients
The first step should always be a clinical examination with recording of the findings, resting ECG, and a standardized exercise test. Particularly in patients with previous cardiac disease, clinical cardiac insufficiency, or cardiotoxic chemotherapy, echocardiography should be performed. In previously heavy smokers and in suspicion of impaired pulmonary function, lung function testing with blood gas analysis should be carried out before and after ergometry.
There are still no scientifically founded recommendations for exercise and exercise therapy during and after treatment of colon carcinoma, because it depends on the individual patient's capacity, perceptions, motivation, and desires. We have found that a combination of endurance training and light strength training is beneficial, because it improves patient motivation and compliance.
The primary goal of every individualized training program is improvement in aerobic capacity. Strength training aims more at "activation of the musculature" than at a measurable increase in strength. Initially the training should be structured so that the exercise and regeneration phases alternate in a defined pattern. Particularly at the beginning, the exercise intensity should not be too high (start low-go slow) and the regeneration time should be 48 hours, to avoid subjective exhaustion. Every unit of training must be adapted to the accompanying treatment (e.g., chemo-or radiotherapy), the current blood count, and the patient's subjective perception of illness. Thus, exercise intensity and duration should be gradually increased or -in the case of subjective over-exhaustion -reduced. The aim is to achieve 3 to 5 units of training per week, each Association of change in physical activity (increase, no change, decrease) before and after diagnosis of colon carcinoma with disease-specific mortality and overall mortality. In comparison with women who did not change their exercise behavior (n = 203), patients who increased their sporting activity (n = 144) had an adjusted hazard ratio (HR) of 0.48 (95% confidence interval [95% CI] 0.24 to 0.97) for colorectal carcinoma-specific mortality and an adjusted HR of 0.51 (95% CI 0.30 to 0.85) for overall mortality. In contrast, women whose sporting activity decreased (n = 176) showed a moderate, albeit non-significant, increase in tumor-specific mortality (HR 1.32, 95% CI 0.74 to 2.34) and overall mortality (HR 1.23, 95% CI 0.79 to 1.91). From (18) Endurance training can theoretically be performed daily, but units of strength training should be spaced 1 to 2 days apart. The type of exercises should be selected according to the patient's requirements and preferences.
Contraindications and complications
There are no specific studies on the contraindications and complications of exercise during and after treatment for colon carcinoma. The only scientifically founded recommendations relate to breast cancer but can, with reservations, be applied to patients with colorectal carcinoma (24) .
In any event exercise training during treatment for colorectal carcinoma necessitates close cooperation among all medical disciplines involved, e.g., primary care physician, gastroenterologist, oncologist, sports medicine and exercise specialist, and psychologist. Following surgery the wound-healing process must be taken into consideration: premature and unplanned exercise favor complications and scar instability. Particularly in stoma patients, parastomal hernias can lead to problems. Swimming should be postponed at least until the patient is confident in dealing with the stoma.
Tumor treatment frequently causes a reduction in hematopoiesis. If the thrombocyte count goes below 20 000/µL, vigorous activity is prohibited because of the risk of bleeding. Before strength training or intensive exercise that provokes an increase in blood pressure, a thrombocyte count over 50 000/µL must be documented. Light endurance training is permitted with thrombocyte counts between 20 000 and 50 000/µL. Anemia with hemoglobin levels below 8 mg/dL may lead to ischemic complications owing to the restricted oxygen supply. If the hemoglobin concentrations are only slightly decreased (9 to 12 mg/dL), correspondingly adapted endurance training is possible. Neutropenia-a frequent adverse effect of chemotherapy with irinotecan or 5-fluorouracil-does not constitute a contraindication to sporting activity. Nevertheless, attention must be paid to hygiene precautions such as hand disinfection, face masks, and avoidance of physical contact with other athletes.
Although there is no scientific evidence in this regard, patients should avoid vigorous activity for 24 hours after administration of chemotherapy because of the potential for cardio-and nephrotoxicity. The same holds for toxic diarrhea following irinotecanbased chemotherapy. During treatment with oxaliplatin it is important to avoid exposure to cold owing to the increased risk of transient peripheral neuropathy. If bony metastases are suspected, skeletal stability must be investigated before the commencement of training.
• Primary prevention: Regular exercise is associated with a reduction in colon carcinoma risk; this effect is less pronounced in rectal carcinoma. According to Chao et al., 35 MET × hours/week, corresponding to 7 hours' brisk walking per week, are necessary to achieve this effect.
• Before tumor patients start exercise, they should undergo clinical exercise testing. On the basis of the results, the composition of the individual training program can be decided.
• Physical training of 18 MET × hours/week (4 hours' brisk walking per week) seems effective in improving the prognosis of tumor patients.
• The subjectively perceived training intensity should be 12 to 13 on the Borg scale (25).
• In some states of Germany sports clubs offer "Sport in Cancer Care" (Sport in der Krebsnachsorge). Further information is available in German from the German Olympic Sports Federation (Deutscher Olympischer Sportbund) in Frankfurt/Main.
